The loess site at Boynychi (the Volyn Upland) is of essential importance for the stratigra- 
INTRODUCTION
The Volyn (Volhynia) Upland forms almost parallel belt about 50 km wide and 200 km long; from the north and south it borders on lowland landscapes of the Volyn Polissya and Little Polissya (Fig. 1) . Due to the contrast between upland and lowland relief, these geomorphological regions are separated by well-defined in relief orographic boundaries (scarps) of almost rectilinear run and relative height up to several dozens of metres (Bogucki et al., 2007a; Herenczuk et al., 1964) . The Volyn Upland is inclined to the north so the Pripyat River tributaries (western Buh, Styr and Horyn' rivers) flow to the north and their transverse valleys divide the upland into several parts, which are additionally cut by subsequent valleys into plateau-ridges of second rank (Cys', 1962) . The Boyanychi (in Polish − Bojanice) profile is situated in the geomorphological subregion known as the Sokal Plateau-ridge, which stretches from the Styr River valley to the Western Buh River and farther to the west on the territory of Poland (Maruszczak, 1972) . This undulated plateau occurs between 270-280 and 200-210 m a.s.l., and is diversified by branched systems of dry erosion-denudation valleys and gullies. The valleys' bottoms occur at about 190 m a.s.l. (Fig. 2) .
The Volyn Upland is a typical loess area. Except for the rivers' valleys, it is covered by a loess mantle up to 20-25 m thick. Loess from the Last Glacial is the main part of this cover and overlies the older units. Loess beds are separated by well-developed paleosols of interglacial rank forming pedocomplexes and paleosols that developed during lower-rank warmings. Within loess series there occur periglacial horizons in the form of solifluction and cryoturbation structures as well as thermal contraction structures such as cryogenic wedges with primary mineral infilling and ice wedge casts.
The profile of loess deposits is exposed in a large (almost 1 km 2 in area) surface excavation, in which loam is exploited for a brickyard in the town Sokal situated at a distance of 9 km. This excavation is situated in the watershed area between two small rivers flowing to the Western Buh in the east. The Boyanychi profile is of essential importance for loess stratigraphy not only in the Volyn Upland but in the whole East European loess province. It is considered to be a stratotype profile due to the occurrence of loess-soil sequence with 4 pedocomplexes of interglacial rank, which is underlain by till from the San 2 (=Oka, =Elsterian) Glacial. The oldest of these paleosols, corresponding to the Mazovian Interglacial, is developed directly on the glacial deposits. This soil is named Sokal Soil in the regional stratigraphic scheme of the western Ukraine (Bogucki 1986) and Zavadivka according to the Ukrainian Geological Survey (Gozhik et al. 1995 , Veklich 1993 . The remains of older loesses, divided into two units by a series of fluvial interglacial (Ferdynandovian?) deposits, occur under this moraine and directly overlie the Cretaceous deposits (Bogucki et al., 1994; Lindner et al., 1998; Lindner et al., 2004) .
The profile at Boyanychi has been examined for almost 30 years (by e.g., Bogucki et al., 1980; Bogucki, 1986) . Basic and several specialist investigations were made, such as mineralogical, magnetic susceptibility and palaeobiological analyses as well as thermoluminescence dating (Szelkoplyas et al., 1985; Bogucki et al., 1995; Szelkoplyas and Christoforowa, 1987; Chlebowski et al., 2002 Chlebowski et al., , 2003 . The distinguished loess units were correlated with the Pleistocene main stratigraphic units in western and mideastern Europe (e.g., Maruszczak, 1994; Lindner et al., 1998; Lindner and Marks, 2008) .
INTERLABORATORY COMPARISON OF THE THERMOLUMINESCENCE DATING RESULTS
In the beginning of the history of thermoluminescence dating in Poland there were few cases of parallel dating of the same profile in several laboratories. The first such experiment was conducted in 1987 when the loess samples from the Odonów profile were TL dated in the Lublin, Warsaw and Gliwice laboratories (Bluszcz, 1987; Butrym, 1987; Prószyńska-Bordas et al., 1987) . We should also mention the following loess profiles, which were TL dated at different time and in different laboratories: 1) Polanów Samborzecki − the profile was dated by Prószyński in Warsaw and by Butrym in Lublin in 1985, and three times by Kusiak in Lublin in 1997 (Buraczyński, 1995 Grygierczyk and Waga, 1993; Kusiak, 2006; Kusiak, 2008b) ; 2) Dubaniewice − the profile was dated by Butrym in Lublin in 1988, by Szelkoplyas in Kiev in 1996 and by Kusiak in Lublin in 2003 (Bogucki et al., 2004 ; 3) Wąchock − the profile was dated by Prószyński in Warsaw in 1979 (Lindner and Prószyński, 1979) and by Kusiak in Lublin in 1997 (Kusiak, 2008a . Parallel dating of the Pleistocene deposits from the same sites in several laboratories became more frequent only after 2000. Samples of loess and fluvial deposits from several Polish (Tarnawce, Dybawka Dolna, Dankowice, Biały Kościół), Ukrainian (Halych, Velykyi Hlybochok) and Lithuanian (Vilkiškes, Tartokai, Rokai) profiles were TL dated by Fedorowicz and OSL dated by Bluszcz (Fedorowicz, 2006) . In the Gdańsk and Lublin laboratories there were also TL dates obtained for the Ukrainian loess profiles (Halych, Velykyi Hlybochok, Yezupil) and for the Zarzecze profile in Poland (Łanczont and Madeyska, 2005; Łanczont and Wojtanowicz, 2005; Łanczont et al., 2009; Bogucki et al., 2009) .
The profile of Quaternary deposits at Boyanychi was sampled and TL dated several times. Each sampling was supplemented by detailed description and graphic documentation. The comparison of these data (Fig. 5) indicates that all distinguished stratigraphic units occurred in each of the investigated parts of the excavation but their thickness was different.
A. Bogucki collected two series of samples from the same layers but different parts of the excavation in 1985 and 1992. First TL ages were obtained in Kiev (Szelkoplyas et al., 1985) . The second series of samples were dated by J. Butrym in Lublin in 1992 (cf. Lindner and Marks, 2008) . In 2007 the Boyanychi profile was presented during the 14 th Polish-Ukrainian symposium entitled "Stratigraphic correlation of loess and glacial deposits in Poland and Ukraine" (Bogucki et al., 2007a) . S. Fedorowicz from the Gdańsk laboratory and S. Prylypko from the Kiev laboratory were present at this symposium and they collected samples for parallel thermoluminescence dating. The results were published by Fedorowicz et al. (2008) .
In 2008 a new wall was exposed in the northern part of the excavation, along the road leading inside it, about 200 m from the Boyanychi-Varyazh road, in that part of the plateau, which is slightly inclined to the north to the valley of a small river flowing near the Boyanychi village (Fig. 2) . In this new wall the Vistulian loesses are much thicker than in other parts of the plateau. The profile was sampled every 0.2 m for isotopic and grain size analyses. Samples of undisturbed structure for micromorphological analysis and samples for TL dating were collected from the distinctive layers. Moreover, the exposure presented during the symposium in 2007 was sampled again for TL dating in 2008, more specifically, the older part of the profile (11.20-15.50 m), below the Eemian soil. This "old" part of the excavation was situated quite near the new wall, about 100 m to the south. In the description the notation of depth is continuous for both parts.
Regional names and stratigraphic symbols from north-western Ukraine (Bogucki, 1986; Bogucki and Łanczont, 2002) and from central Ukraine (Gozhik et al., 1995; Veklich, 1982) were used for soil and loess units (Fig. 5) .
Unfortunately, the surface layer with modern soil was removed in the excavation area during the preparations for loam exploitation. That is why the profile description begins from the C Ca horizon of the modern soil, according to the state of exposure in 2008 (Table 1) .
DESCRIPTION OF DATING METHOD
The TL age of a deposit is given by the following formula:
where: ED − equivalent dose is the laboratory dose of β or γ radiation, which produces the same thermoluminescence as that produced by the dose absorbed by the examined sample under natural conditions, D r − dose rate is the effective dose of ionizing radiation absorbed by the examined sample in a ka.
Determination of the equivalent dose ED
Samples for ED determination should be protected from sunlight. In order to do that, samples are taken using about 20 cm long metal samplers, which are inserted into a deposit. Laboratory preparation of mineral material for measurements is carried out in a darkened room lit only with red light (Kaiser lamp 590).The equivalent dose was determined by the total-bleach method described by Singhvi et al. (1982) . From the total mass of each sample the 45-63 μm polymineral fraction was separated by wet sieving, and then treated with 10% HCl to remove carbonates and with 30% H 2 O 2 to remove organic material (Balescu et al., 1991) . Then, the mineral material obtained from each sample was divided into six portions. One portion was used to determine the natural thermoluminescence. The second portion was exposed to light from an ultraviolet lamp of OSRAM ULTRA-VITALUX type for about 12 hours, in order to determine the residual level of thermoluminescence. The remaining four portions were irradiated with the ionising radiation doses from a 60 Co γ source (300 Gy, 500 Gy, 1000 Gy and 2000 Gy). The samples have been preheated for 3 h at 120°C prior to glowing (Berger et al., 1992; Kusiak, 2002; .
Irradiation of samples (in the Institute of Nuclear Chemistry and Technology, Warszawa, Poland) and thermoluminescence measurements (in Lublin laboratory) were carried out at least a month apart. For this reason, it was not possible to carry out a full test for anomalous fading as described by Huntley and Lamothe (2001) . Despite this, after fourteen months the TL measurements were performed again. The obtained results of ED were higher by about 10 per cent. Corrected values of the equivalent dose and TL ages are given in Table 3 and Fig. 5 .The glow curves were recorded using a RA'94 TL reader/analyser (with the EMI 9789 QA photomultiplier) produced by Mikrolab Kraków (Poland) linked with an IBM computer. Aliquots are glowed out in argon atmosphere at a heating rate of 10°C/s up 400°C). An optical filter HA-3 was used to cut infra-red radiation of the platinum heater. The way of reading of the thermoluminescence light sums (i.e. numerical values used for ED determination, which are plotted on the y-axis of the TL = f(D) graph) is very important for the final result of TL dating. In the 1980s it was commonly accepted that the only right way was to read the TL light sum as the surface area under the glow curve based on the results of the "plateau test". However, in the opinion of Frechen (1992) who dated a great number of samples of similar age taken from loess profiles with well identified stratigraphy, the determination of equivalent dose based on this test can give faulty results, which deviate from the real values even by ± 100%. This in turn can cause very large errors in the calculation of TL ages. Frechen (1992) states that this phenomenon does not occur if the same surface area under a wide region (about 100°C, e.g. 300-400°C for loess deposits) of the TL glow curve, including the maximum of the curve and often also the plateau area, is used for all samples. However, Kusiak (2006 Kusiak ( , 2008a , who dated loess deposits from Poland, finds that sometimes also the above-described procedure gives the TL dating results, which are difficult to interpret taking into account the conditions of loess accumulation. Kusiak (2006 Kusiak ( , 2008a states that such TL age fluctuations are not observed if the TL light sum is read as the area under the narrow (10°C) region of the TL glow curve, which includes its maximum.
In order to determine the ED value, about thirty subsamples of 4 mg in weight were taken from each portion. An exponential saturation function was fitted to the obtained points with the use of the FIT-SIM programme (Grün, 1994) , which was based on the simplex fitting procedures and analytical error calculation described by Brumby (1992) .
Determination of dose rate
Dose rate for the 45-63 μm grain fraction was calculated using the following formula:
where k = 0.1 indicates the effectiveness of generating thermoluminescence when subjected to α radiation a = 0.5 is a correction due to the fact that grains of about 50 μm in diameter can receive only 50 % of the α radiation dose received in the same deposit by grains of 10 μm and less in diameter (Wintle, 1987) ; Th) ( Table 2 ). The measurements were carried out in the laboratory using a three-channel, stationary gamma spectrometer type MAZAR-95 produced by Polon-Zot Warszawa (Poland), assuming age equilibrium state in the radioactive series (Poręba and Fedorowicz, 2005) . The measurements of radioisotopes were carried out for the deposit portions of about 2000 g in weight in Marinelli-type containers. All samples were measured be- Bogucki et al., 2007b) Depth (m) Description 11.2-11.7 Silty-clayey loess, gleyed, bluish-grey (10YR7/2), with numerous rust-coloured iron-manganese concretions; non-calcareous.
TL 20 -11.2 m 11.7-12.1 Ternopil horizon -bipartite paleosol.
Humus horizon 0.2 m thick -silty-clayey deposit, bluish-grey, with vertical, narrow, small fissures and very numerous, black, soft ironmanganese concretions (1 cm); non-calcareous. Distinct boundary. Bt horizon 0.2 m thick -silty-sandy deposit, quite homogeneous, yellowish-rust-coloured, with numerous iron-manganese concretions non-calcareous. Gradual transition. 12.1-12.7 Silty-sandy deposit, bluish-grey and light rust-coloured, ferruginized, gleyed, with carbonate dolls, with numerous iron-manganese large and small concretions; calcareous. Distinct boundary. TL 19 -12.4 m 12.7-13.1 Solifluction layer, composed of the loesses and lenses and tongues of material from the humus horizon of the underlying soil. Korshiv pedocomplex composed of two units of interglacial rank (S2-I and S2-II) 13.1-13.9 Humus horizon of the S2-I soil, sandy loam, dark grey, compact, with traces of pedofauna activity, with lighter tone of colour and silica sprinkling in the lower part; non-calcareous. Single cryogenic wedges, up to 1 m deep, extend downwards from this horizon. TL 18 -13.4 m 13.9-14.4 Bt horizon 0.5 m thick, silty-sandy deposit, brown, with silica sprinkling in the upper part, with crumb structure, compact, very numerous black, mostly soft iron-manganese concretions (5 mm in diameter); non-calcareous. Gradual transition. TL 17 -14.1 m 14.4-14.8 Humus horizon of the S2-II soil, silty-clayey, dark brown, with crumb structure, strongly compact, uniform, in places cut by cryogenic wedges connected with the humus horizon of the soil S2-I. TL 16 -14.5 m 14.8-15.5 Bt horizon, silty-clayey, very compact, reddish-rust-coloured, with iron-manganese concretions; non-calcareous.
TL 15 -15.2m
tween 24 and 70 hours in order to minimise the measurement uncertainty. The concentrations of radioisotopes in Bq/kg are converted into absorbed dose rates for α, β and γ radiation, based on the data published by Adamiec and Aitken (1998) . D c was calculated on the basis of data published by Prescott and Hutton (1994) . Correction for deposit moisture was calculated after Berger (1988) . Discussion on uncertainties of dose-rate calculations was based on the data published by Oczkowski et al. (2000) .
RESULTS OF TL DATING OF LOESS DEPOS-ITS FROM BELGIUM AND FRANCE
To discuss the results of thermoluminescence dating of loess samples from the Boyanychi profile we have to present the results of luminescence dating obtained for loess deposited during the last two glaciations in Western and Central Europe. The time-frame of this period, used in our study, was based on mentioned papers below. The duration of MIS 7, correlated with the penultimate interglacial complex, was determined at 244-189 ka by Martinson et al. (1987) and at 245-186 ka by Roucoux et al. (2008) . MIS 6 was determined by Martinson et al. (1987) at 189-130 ka. Time brackets corresponding to isotope stages from MIS 5 to MIS 1, compared with the periods of loess deposition, were presented for Western Europe, among others, by Boenigk and Frechen (2001) , Frechen et al. (2001) , Koster (2005) , Rousseau et al. (2002) , Thompson and Goldstein (2006) (Fig. 3) , and for Poland by Mojski (1999) (Fig. 5) .
Many results of luminescence dating of loess deposits from Western and Central Europe are published. Howev- Kusiak (2006) . er, as the Boyanychi profile is dated using the totalbleach method, the TL dates obtained by the same technique are most notable for us. Therefore, in Fig. 4 we present the TL ages of loess deposits from Achenheim in France, Kesselt, Momalle and Rocourt in Belgium, which were obtained in the Heidelberg, Ghent, Cheltenham and Lublin laboratories Kusiak, 2006; Rousseau et al., 1998; Van den Haute et al., 2003; Zöller et al. 2004) . The samples from the Rocourt profile were dated in the Lublin laboratory in 1998, using the optical filter BG-28 after preheating at 160°C for 3 hours.
Fig. 3. Chronostratigraphic division of the Upper Pleistocene and periods of loess accumulation in Western Europe according to different authors, compiled by
The oldest deposits, which were TL dated in the Achenheim profile are correlated with the antepenultimate glacial (MIS 8), penultimate interglacial (MIS 7) and penultimate glacial (MIS 6 and 5e − deposits forming the Bt horizon), and in the Kesselt, Momalle and Rocourt profiles, are correlated with the penultimate glacial (MIS 7, 6 and 5e. The TL results obtained for the Achenheim profile correspond well to the expected age (Fig. 4) . The dates obtained for the others profiles are difficult to interpret because some of them correspond well to the expected age (190±36 ka, 174±34 ka, 152.0±6.2 ka, 137±29 ka, 134±24 ka, 125.7±11.5 ka), and some are considerably underestimated (118±23 ka, 118±19 ka, 102±21 ka, 102±17 ka, 97.5±12.2 ka, 83.3±10.4 ka, 63±10 ka, 54.2±6.5 ka).
Before we try to explain the causes of these anomalies, we should stress that the TL dates corresponding well to the expected age, as well as those underestimated, were obtained for loess deposits from the penultimate glacial occurring in many West European, Polish and Ukrainian sites. For example, TL dates well describing deposit ages were obtained in Germany (Nussloch profile, 162±15 ka, Antonie et al., 2001) , Belgium (Harmignies profile, 161.0±13.5 ka, Frechen et al., 2001) , SE Poland (seven profiles, 16 TL ages ranging from 187 to 139 ka, Kusiak et al., 2007) , and Ukraine (Kolodiiv profile, 121±18 ka, 146±22 ka, 151±21 ka, Kusiak, 2007;  Yezupil profile, 143±20 ka, Łanczont et al., 2009) . On the other hand, several TL ages obtained in the Lublin laboratory for Ukrainian loesses are considerably underestimated. For example, loess correlated with the penultimate glacial from the Krukenyci IVB profile was TL dated at 55±24 ka (Bogucki et al., 2000b) . The deposits correlated with the oldest part of the penultimate glacial from the Velykyi Glybochok profile were TL dated at 133±21 ka, 145±17 ka, 152±21 ka and 140±21ka (Bogucki et al., 2009) , and from the Marynopil profile at 125±31 ka and 137±39 ka .
The reasons of this underestimation have not been unambiguously explained till now. It can be supposed that it resulted from the properties of mineral material constituting the dated layers because both "good" and considerably underestimated TL ages were obtained in the same laboratories. The other reason, especially for older deposits, can be extrapolation far beyond the measured points (Mejdahl, 1986) . Sometimes, for the same dose there are obtained considerably different values of thermoluminescence intensity in different measurement series. In case of such anomaly the value of equivalent dose obtained by extrapolation of growth curve is accidental, not related to deposition age. In the Lublin laboratory these problems are minimized by repeated (3-5 times) measurement series (32-40 glow curves in each series) and by irradiation of samples with very high doses.
For humus horizon of the Early Vistulian soil (MIS 5 a-d) found in the above presented profiles (Achenheim, Kesselt, Momalle and Rocourt) there were obtained nine TL dates in four laboratories (Fig. 4) . The results are considerably scattered. The reasons can be different. It is possible that this long period is represented in individual profiles by soils developed in its different parts, e.g. during the older interstadial (Brorup s.l.) or younger one (Odderade). Loess profiles, in which this period is represented by the complex of 2-3 soils separated by loess layers, are rather rarely found (Behre, 1989; Bińka and Grzybowski, 2001; Emontspohl, 1995; Komar et al., 2009; Paepe and Vanhoorne, 1967 and many other authors). Two of the obtained TL ages (68.3±8.0 ka and 71±11 ka) seem to be slightly underestimated, and this fact can be explained by an admixture of younger material due to pedofauna activity. The TL dates obtained in Lublin and Ghent laboratories for the Rocourt profile differ by over 20 percent, similarly as those obtained in Ghent and Cheltenham for the Momalle profile. It probably resulted from purely technical differences in the measurements of radioisotopes concentration and thermo- Almost all dates obtained for the deposits correlated with MIS 4 are within the narrow age range (about 70-60 ka), and they correspond well to the expected age. Only two dates from the Rocourt profile (75±14 ka and 80±16 ka) are considerably overestimated but it seems to be easy to explain. Both samples were taken from the deposit layer occurring directly over the Early Vistulian soil so fresh mineral material could have been mixed during deposition with blown soil material.
Interpleniglacial and Upper Pleniglacial deposits were dated in the Achenheim, Kesselt and Rocourt profiles, in which the Nagelbeek level was found Rousseau et al., 1998) . The Nagelbeek soil is interpreted as a tundra gley (gelic gleysol) that underwent cryoturbation (i.e. periglacial load-casting) and deformation during permafrost degradation (Bertran et al., 2003) . Based on the results of TL dating, Juvigné and Wintle (1988) determined the age of this level at about 16 ka. However, in the opinion published by Rousseau et al. (1998) , this level is the boundary between MIS 3 and MIS 2. Loess occurring below this level in the Achenheim profile was TL dated at 43 to 34 ka (four dates obtained in Heidelberg), in the Kesselt profile − at 34.5±1.6 ka (in Ghent), and in Rocourt profile − at 31±7 ka and 30±6 ka (in Lublin). The Nagelbeek soil from the Rocourt profile was dated in Lublin at 27±5 ka. The deposits overlying the Nagelbeek level were dated at 24.0±2.7 ka, 19.5±1.6 ka and 17.0±2.5 ka (Achenheim), 21.5±1.3 ka (Kesselt), and 24±4 ka, 24±5 ka and 18±4 ka (Rocourt). Despite the differences between the measuring techniques used in different laboratories the results obtained for the Interpleniglacial and Upper Pleniglacial are similar and quite well describe ages of the dated deposits.
RESULTS OF TL AND IRSL DATING OF LOESS DEPOSITS FROM BELGIUM AND GERMANY
The results of IRSL and TL dating of the deposits correlated with MIS 6 − MIS 2 from Belgium and Germany were published by Boenigk and Frechen (2001) , Frechen (1999) , Frechen et al. (2001) . The comparison of these results permits us to notice some regularities. The IRSL dates obtained for loess deposits correlated with MIS 6 (189-130 ka; Fig. 5 ) from Germany range from 103 to 80 ka, and even to 60 ka. The TL dates are higher (about 140-110 ka) though the results about 100-80 ka were also obtained. Therefore, the IRSL dates are considerably underestimated. The TL results partially correspond to the expected age but most of them are also underestimated. The illuvial horizon of the soil from the last interglacial from Germany was IRSL dated at 117-92 ka, and TL dated at 130-103 ka. As the TL dates of this horizon should correspond to the age of the deposits from the penultimate glacial, the presented results are generally underestimated.
The expected age of the deposits correlated with MIS 5d-a is 115-76 ka (Fig. 3, Fig. 5 ). Loess deposits correlated with the substage 5d in the Tönchesberg and Koblenz-Metternich profiles (Germany) were IRSL dated at 92-77 ka and TL dated at 116-92 ka. The considerably higher TL dates better correspond to the expected age (>100 ka). On the other hand, the TL and IRSL dating results obtained for the Harmignies profile in Belgium are similar. Loess deposits correlated with the substages 5d-a correspond to two distinct coolings. The lower layer was dated at 125.0±11.9 ka, 102.7±8.9 ka (TL) and 110.7±12.8 ka, 110.1±17.6 ka (IRSL), and the upper one − at 67.7±5.8 ka, 99.8±8.3 ka, 87.6±7.6 ka, 102.7±9.4 ka, 83.9±7.6 ka (TL) and 64.5±8.9 ka, 105.2±10.1 ka, 101.7±14.4 ka, 99±15 ka, 85.2±16.8 ka (IRSL).
In the Belgium and Germany profiles the deposits correlated with the Lower Pleniglacial (MIS 4) usually occur as thin layers and are rarely dated. Loess from the Tönchesberg profile (Germany) was TL dated at 78-70 ka, and IRSL dated at about 64 ka. The latter value corresponds well to the expected age, and the TL results are partially overestimated. Unusual dating results were obtained for the Harmignies profile − the IRSL dates (89.4±11.1 ka and 96.4±14.0 ka) are older than the TL ones (66.3±5.9 ka and 61.7±5.4 ka) so only the TL results correspond well to the expected age. Bogucki (1986) , , Gozhik et al. (1995) , Veklich (1982) ), thermoluminescence age of the loess-paleosol sequence in the new Boyanychi (Bojanice) profile by Kusiak (left column) , and old ages after Fedorowicz and Prylypko (right column) (Fedorowicz et al., 2008) . Boundaries of marine isotope stages after Mojski (1999) and Roucoux et al. (2008) . 1 -humus horizon, 2 -eluvial horizon of interglacial soil, 3 -illuvial horizon of interglacial soil, 4 -interstadial soil, 5 -gley signs, initial soil, 6 -loess, 7 -solifluction deformations, 8 -cryogenic wedges. According to the stratigraphic scheme developed for Western Europe, several (up to five) warm periods occurred during the Interpleniglacial. However, only the deposits from the older part of this period were found in the Harmignies profile (Belgium). They were TL dated at 59.9±5.8 ka, 65.1±5.7 ka, 53.2±5.2 ka, 50.8±4.3, and IRSL dated at 67.7±7.7 ka, 68.4±9.9 ka, 57.1±13.8 ka, 53.4±10.4 ka. Younger loess deposits occur in the Böck-ingen profile (Germany), for which the following dates were obtained: 51.4±4.4 ka, 38.1±3.2 ka, 37.4±4 ka (TL), and 50.8±20.5 ka, 43.5±6.0 ka, 27.7±3.7 ka (IRSL). Almost all presented dates, both TL and IRSL ones, range from 60 to 35 ka so they fall into MIS 3 period. According to a general tendency, the IRSL dates (57-35 ka) are lower than the TL dates (60-41 ka).
Fig. 5. Stratigraphic setting in relation to the Quaternary stratigraphic schemes in Ukraine (according to
Brown soils, occurring in several profiles in southern Germany (e.g. Böckingen and Bönnigheim) and related to the Denekamp and Hengelo interstadials, are also correlated with MIS 3. Many IRSL and TL dating results obtained for these soils are published (Frechen, 1999) . Most of the IRSL dates range from 31 to 22 ka, and, for the same samples, the TL dates are from 38 to 34 ka. The geological age accepted for this period is 39-28 ka (Boenigk and Frechen, 2001 ). Thus, the TL dates better describe the age of dated deposits, and the IRSL dates are considerably underestimated.
The comparison of the TL and IRSL dating results obtained for the deposits from the Upper Pleniglacial (MIS 2) occurring in southern Germany (Frechen, 1999; Boenigk and Frechen, 2001) indicates that only the IRSL dates describe well the age of the dated deposits as most of them do not exceed 20 ka. The TL dates are considerably older (40-20 ka) so they are overestimated. However, not all TL results obtained for the Upper Pleniglacial profiles are such different from the expected age. The Tönchesberg and Koblenz-Metternich profiles were TL dated at 26-23 and 18-15 ka and IRSL dated at 19-17 ka. If we accept that the lower limit of MIS 2 was 24 ka, and periods of loess accumulation in the Upper Pleniglacial were 24-20 and 17-14 ka (Fig. 3) , we find that only some TL dates are slightly overestimated. Thompson and Goldstein (2006) believe that the lower limit of MIS2 should be set a bit earlier. At this interpretation these TL ages correspond well to the expected age.
The results of OSL and TL dating of the deposits correlated with MIS 6 − MIS 2 from Nussloch (Germany) loesspalaeosol sequences were published by Antoine et al. (2001) and Lang et al. (2003) . The OSL dates obtained for loess deposits correlated with MIS 6 (61.3±9.9 ka and 122.0±17.8 ka) are generally underestimated. In the Nussloch profile loess correlated with the Lower Pleniglacial (MIS 4) was TL dated at 66.9±5.1 ka and OSL dated at 55.7±12.6 ka so both results correspond well to the expected age. The comparison of the OSL and C ages (at 27-18 ka cal BP) and thirteen OSL dates (at 26-18 ka) were obtained for the deposits correlated with MIS2.
Based on the above-discussed results, we can find that besides its advantages the OSL and IRSL methods have also limitations. These dates obtained for older deposits are usually underestimated. For this reason we are justified in using the thermoluminescence method for chronostratigraphic investigations of loesses.
THE RESULTS OF THERMOLUMINESCENCE DATING IN THE BOYANYCHI PROFILE
The samples collected in 2008 were TL dated in 2009. Fourteen TL ages were obtained for the "new" wall and six for the "old" part of the excavation: loess L1 from the last glacial − 11 samples, pedocomplex S1 − 3 samples, loess L2 from the penultimate glacial − 2 samples, pedocomplex S2 − 4 samples (Fig. 5, Table 3 ).
The following results were obtained from top to bottom. The sample from a depth of 0.5 m, i.e. from the loess overlying the Krasyliv horizon, was dated at 16.1±1.9 ka. The Krasyliv horizon was dated at 15.8±1.5 ka. Three TL dates (16.3±2.4 ka, 15.9±1.9 ka and 17.4±2.1 ka) were obtained for the loess occurring at a depth of 2.1-4.8 m. The Rivne soil horizon was dated at 20.9±2.7 ka. The next thick loess layer (5.8-8.1 m) was dated at 20.2±2.4 ka, 22.1±2.4 ka and 23.1±2.8 ka. Directly below the Rivne found shells of snails. They were dated at 19-18 ka cal BP. The age of the Dubno interstadial soil horizon was determined at 48.6±6.3 ka, and of the underlying silty-clayey loess at 55.3±6.6 ka. Three TL ages were obtained for the Horokhiv pedocomplex (S1): A horizon − 101±13 ka, Eet horizon − 135±16 ka, Bt horizon − 145±19 ka. Two samples of the loess L2 were dated at 183±31 ka (loess overlying the Ternopil soil) and 202±36 ka (loess underlying the Ternopil soil). The Korshiv pedocomplex (S2) yielded the following TL ages: A horizon of the S2-I soil − 254±51 ka, Bt horizon of the S2-I soil − 252±40 ka, A horizon of the S2-II soil − 253±51 ka, B horizon of the S2-II soil − 268±62 ka.
DISCUSSION
With reference to the stratigraphic scheme of loesses and paleosols in the NW Ukraine after Bogucki (1986) and Bogucki and Łanczont (2002) , the particular parts of the Boyanychi profile can be correlated with the marine oxygen-isotope stages (MIS). The upper part, with the Krasyliv and Rivne horizons, is correlated with MIS 2. The Dubno soil horizon represents an older part of MIS 3, and the underlying loess MIS 4. The Horokhiv pedocomplex is correlated with MIS 5. The upper chernozem layer represents the younger part of MIS 5, i.e. the early Vistu-lian. The lower part of the pedocomplex (typical forest soil from the Eemian interglacial) corresponds to substage 5e. This soil developed on loess deposits from the penultimate glacial (MIS 6) with the Ternopil interstadial soil, which was well examined in loess profiles of the Volyn and Podillya regions. The underlying Korshiv pedocomplex is correlated with MIS 7 (Bogucki et al., 2000a (Bogucki et al., , 2007b .
The TL dating results obtained by Kusiak for loesses and paleosols sampled in the Boyanychi profile in 2008 generally correspond well to the stratigraphic division presented by Bogucki (1986) and Bogucki and Łanczont (2002) . TL ages of the deposits correlated with MIS 2 range from 15.9 to 23.1 ka. A significant age difference of about 4 ka is found between the Krasyliv and Rivne soils, which were dated at 15.8±1.5 ka and 20.9±2.7 ka, respectively. A similar difference is between the TL ages obtained for the loesses on which these soils developed.
The Krasyliv horizon was TL dated at 28. No other TL dates are found in literature for the Krasyliv horizon. This buried active layer of permafrost is poorly examined because it has been obliterated by Holocene pedogenesis or destroyed by denudation at the close of the glacial due to its occurrence in the near-surface part of the Upper Plenivistulian loess. In the Volyn and Podillya regions the greatest casts of ice wedges reaching to a depth of 6 m are connected with the Krasyliv horizon. In the Halych Prydnistrov'ja region the Krasyliv horizon contains artefacts. Based on them, it is recognized as the Late Palaeolithic layer from the last part of the Plenivistulian (Nawrocki et al., 2003; Bogucki and Łanczont, 2002) . The pollen-spore assemblage of the Krasyliv horizon represents glacial vegetation. The deposits were accumulated during the development of vegetation cover with many features similar to those of the Late Pleistocene flora. The next changes of climatic conditions, i.e. warming, resulted in the expansion of forests, and gradual disappearance of tundra elements and steppe vegetation of xerothermic type (Bezuśko and Bogucki, 1993) .
The Rivne horizon in the Boyanychi profile was TL dated by Fedorowicz at 26±5 ka and by Prylypko at 33.6±3.5 ka. Such a great difference can indicate that mineral material was heterogeneous and underwent a short transport, thus these results are not reliable. This speculation is confirmed by fact that Kusiak obtained the considerably younger TL age (20.9±2.7 ka) for the Rivne horizon sampled in the new wall in 2008. The Rivne horizon was also dated in the Halych profile by and .1 ka) (Łanczont and Madeyska, 2005) . Therefore, similar results were obtained in two laboratories for this horizon sampled at two sites.
Several other data concerning the age of the Rivne soil horizon are also available. Artefacts found in many archaeological sites of the Halych Prydnistrov'ja region, occurring in a one-horizon soil corresponding to the Rivne unit or directly below it, are placed into the second half of the Upper Palaeolithic and correlated with the Lascaux interphase distinguished within the Upper Plenivistulian. Organic deposits from the equivalent Mazurian interphase in Poland were dated conventional 14 C at 17.8 ka BP (Mojski, 1968 (Mojski, , 1993 Lindner, 1991) . Many dating results of organic and mineral material as well as bone remains from the Rivne soil and adjacent layers, obtained using different methods, fall within a rather large range. Radiocarbon conventional ages of charcoals and bones from the Halych profile range from 19.6 to 23.2 ka BP. Bone remains in the Mezhygircy were radiocarbon conventional dated at 17.2-20.3 ka BP. Bone remains from these sites were also dated using the U-Th method. The obtained results range from 10 ka to 25 ka. The authors stress that the analysed material was difficult to date irrespective of the method used Nawrocki et al., 2003; Łanczont and Madeyska, 2005) .
The loess underlying the Rivne horizon was dated by Fedorowicz (43.7±5.0 ka and 49.9±5.0 ka), Prylypko (28±5 ka and 37.5±4.0 ka) and Kusiak (from 20.2±2.4 ka to 23.1±2.8 ka). The very large discrepancy of the results obtained in three laboratories presents great interpretative problems.
The Dubno soil is a key horizon in the Vistulian loesses of the Volyn and Podillya regions. This soil is mostly developed as homogeneous gley soil deformed by huge involutions. Until recently it was generally related to the Interplenivistulian or its younger part (e.g. Maruszczak, 1994; Jary, 2007) . However, the investigations carried out in the Prydnistrov'ja region revealed that this period is represented by at least two soils (Dubno 1 correlated with substage 3.1 and Dubno 2 with substage 3.3), which are superimposed or separated by loess layers (Łanczont and Bogucki, 2007) . It appears that the Dubno unit found in many loess profiles was formed by accumulation, pedogenesis and denudation processes, which occurred during MIS3 or at the beginning of MIS2. The Dubno horizon in the Boyanychi profile was TL dated by Butrym (47±7 ka) and Kusiak (48.6±6.3 ka) (Lindner and Marks, 2008; Fig. 5) . Based on these similar results, we can correlate this soil with the Dubno 2 stratigraphic unit.
The loess underlying the Dubno 2 soil in the Boyanychi profile was TL dated by Fedorowicz (74.0±7.9 ka), Prylypko (76±10 ka) and Kusiak (55.3±6.6 ka) . If we accept (after Mojski, 1999 ) the time limits of the Lower Plenivistulian (58-75 ka), we find that the results obtained by Fedorowicz and Prylypko are slightly overestimated, and those by Kusiak are somewhat underestimated. In the "new" wall, sampled in 2008 and dated by Kusiak, this loess is very thin and clearly without the lower part. In the exposure examined in 2007 there is much a thicker and probably complete loess unit representing MIS4. Taking into account the situation of sampling places in these two exposures, it is probable that the obtained TL ages represent the beginning and the end of deposition of this loess unit.
While Similar results were also obtained by Butrym in 1992 (Lindner and Marks, 2008) . The Ternopil soil was dated at 167±25 ka and 179±27 ka. The results obtained for the Korshiv pedocomplex were as follows: A horizon of the S2-I soil − 212±32 ka; B horizon of the S2-I soil − 212±32 ka; A horizon of the S2-II soil − 238±35 ka; B horizon of the S2-II soil − 243±36 ka.
The results obtained by Szelkoplyas in 1985 are very scattered and their interpretation is very difficult (Lindner and Marks, 2008) .
FINAL REMARKS AND CONCLUSIONS
As was stressed in the introduction, the Boyanychi site is of essential importance for the Quaternary stratigraphy in Central Europe (Lindner and Marks 2008) . It is one of the most complete and best examined profiles with almost continuous loess-soil series of the Middle and Upper Pleistocene. It was studied and visited by many Ukrainian and Polish researchers. Its situation near the Polish-Ukrainian border gives also prospects for stratigraphic correlation of the Polish and Ukrainian schemes of the Pleistocene. The Boyanychi profile has aroused interest of specialists dealing with thermoluminescence dating. Fedorowicz et al. (2008) presented the TL dating results obtained for the Boyanychi profile in different laboratories during the last 23 years, i.e. in Kiev in 1985, in Lublin in 1992, and in Gdańsk and Kiev in 2007 (results of parallel dating). In this paper we discussed the results published by Fedorowicz et al. (2008) and those obtained in the Lublin laboratory in 2009.
The TL ages obtained in three laboratories by Fedorowicz, Prylypko and Kusiak can be divided into two parts. The first group contains the consistent results obtained for the Horokhiv and Korshiv pedocomplexes and loess from the penultimate glacial separating them. These results confirm unambiguously the stratigraphic interpretation of the profile published by Bogucki et al. (1995 Bogucki et al. ( , 2007b . It should be stressed that the loess from the penultimate glacial and the Korshiv pedocomlex were sampled in the same part of the excavation for TL dating in all laboratories, though not at the same time and in the exactly same places. In chapter 4 we presented the examples of underestimated TL dating results obtained for loess deposits from the penultimate glacial. This problem did not appear for the Boyanychi profile. The deposits correlated with MIS 7 were dated in three laboratories and the obtained results were consistent. Such consistence is very rare when dating such old deposits. However, the reasons of this consistence are not possible to discuss because Fedorowicz et al. (2008) (Bogucki, 1986) and in the Halych Prydnistrov'ja region and to the palaeogeographic situation.
It is difficult to discuss the causes of the differences between the results obtained in 2007 and 2009. However, the regularly higher values of TL ages obtained in 2007 probably indicate that the deposits in the wall exposed in 2007 contain mineral material not completely zeroed before deposition. It cannot be excluded that aeolian deposition was supplemented with an admixture of material derived from local deflation of older deposits. In consequence the TL ages of the Rivne and Krasyliv horizons, developed on these "aged" deposits, are incompatible with their stratigraphic positions. On the other hand, in the part of the loess cover examined in 2008 the accumulation exhibited considerably greater thickness of the distinguished layers of the Upper Plenivistulian loess, and it was probably fresh dust. The greater thickness was probably caused by participation of hillwash processes as evidenced by stratification indicating that the depositional surface was inclined eastwards (at a 10° angle). Such synsedimentary supply of fresh material did not change thermoluminescence features of the accumulated deposit. Such deposition was conditioned by cold and dry climate as indicated not only by the features of sedimentation structures but also by the reconstructed ecological conditions. Halophytes and cold-loving species predominated in vegetation cover, and typical loess assemblage of mollusks contained up to 80-90% of Pupilla loessica and Pupilla muscorum (Bogucki and Bezusko, 1993; Dmitruk, 2001) . Typical solifluction structures are absent in this loess. In the examined profile they occur in the layers correlated with the lower part of MIS 2 (directly above the Dubno horizon).
It should be stressed that the results of TL dating obtained in the Lublin laboratory for the upper part of the Boyanychi profile correspond well to the time intervals determined as periods of loess deposition and formation of paleosols in Western Europe (cf . Fig. 3) . The date 55.3±6.6 ka obtained for loess underlying the Dubno soil corresponds well to the period of loess deposition from 60 to 50 ka. A sample from the Dubno soil was TL dated at 48.6±6.3 ka, and this result falls into the time interval 51-48-44 ka determined for the Glinde interstadial. The Upper Pleniglacial loess deposits in the Boyanychi profile were accumulated from 23 to 20 ka and from 17 to 16 ka, i.e. in the time intervals corresponding to the periods of loess deposition (24-20 ka and 17-14 ka) distinguished for Western Europe (Boenigk and Frechen, 2001; Frechen et al., 2001) .
A case study from the Boyanychi site with typical upland loesses is an excellent example confirming the fact that local palaeorelief differences, almost in microrelief scale, had a great influence on the final features and thickness of the deposited loess. It is also obvious that these conditions changed with time. After each stage of accumulation and fixation of surface by vegetation, the next stage of deposition and local differences in its intensity resulted in obliteration of old microrelief forms and formation of new ones. Relief forms were also influenced by erosion and denudation, which were more intensive at the turn of warm and cold periods. Therefore, the results of study in the Boyanychi site provided us once again with the arguments confirming an important role of short mass transport and local variability of loess accumulation conditions in different stages of their formation, which could result in incomplete luminescence zeroing of transported mineral material.
The results of many years' investigations in the Boyanychi site confirm us in our belief that loess profiles should be densely sampled for TL dating, and the obtained results should be verified by interlaboratory comparisons.
